Introduction
Chronic obstructive pulmonary disease (COPD) remains a major cause of ill health worldwide and is the third most common cause of death. 1, 2 In the last decade, a series of large clinical trials have provided the evidence base for current drug treatment of COPD, [3] [4] [5] and these findings have been incorporated into treatment guidelines. 6 These studies resolved many questions about the effect of drugs on individual outcomes. However, there are limited data that indicate how quickly improvement becomes evident following the initiation of treatment, and that describes the factors that influence early responses to treatment.
In many COPD trials lasting $1 year, the first clinical visit occurred 3 months after randomization, but results are reported for the whole study duration. 3, 7 Analysis of diary-card data from the initial long-acting β 2 -agonist (LABA) and inhaled corticosteroid (ICS) trials in COPD established that treatment improves peak expiratory flow (PEF) rate and symptoms within 2 weeks of initiation, a change that was more rapid when the LABA and ICS were given together. 8, 9 However, the early impact of treatment on exacerbations and disease control, that is, within 3 months of randomization, was not formally evaluated in these trials. Additionally, in many studies, the impact of disease severity on response to treatment was not considered, for instance, in the 3-month CLIMB study in which patients received budesonide/formoterol in addition to tiotropium. 10 The effect of disease severity was assessed in patients receiving salmeterol and fluticasone propionate, alone or in combination, in the TORCH study, where worse disease severity as assessed by spirometry was associated with a greater likelihood of having an exacerbation but was not related to the overall treatment effects. 11 It was hypothesized that significant treatment effects would be present across a range of clinical outcomes within 3 months of budesonide/formoterol (B/F) initiation and that these differences would be independent of the severity of spirometric impairment. To test these hypotheses, data were pooled from three previously reported studies confirming the efficacy of the ICS/LABA B/F in patients with COPD.
9,10,12

Methods
study design
A post hoc analysis of 3-month data from three studies of patients with moderate-to-very-severe COPD is reported; complete details of these studies are reported elsewhere. 9, 10, 12 The studies recruited outpatients aged $40 years with $10 pack-years smoking history, COPD symptoms for $2 years, forced expiratory volume in 1 s (FEV 1 )/vital capacity (VC) ratio #70%, pre-bronchodilator FEV 1 #50% predicted, and history of $1 COPD exacerbation within 1-12 months of inclusion. All participants provided written informed consent. Ethical approval was obtained for each of the studies included in this analysis 9, 10, 12 from local Independent Ethics Committees in each of the participating countries.
This analysis included patients treated with B/F (Symbicort ® Turbuhaler ® ; AstraZeneca, Sweden) 320/9 μg twice daily (two inhalations of 160/4.5 μg 9, 12 or one inhalation of 320/9 μg 10 ) or placebo twice daily. In the CLIMB study, 10 study medications were given in addition to tiotropium 18 μg once daily. As-needed terbutaline 0.5 mg/inhalation (Bricanyl ® Turbuhaler ® ; AstraZeneca) was permitted as reliever medication throughout all the studies.
Spirometric severity of COPD was classified as moderate (,80% to $50% predicted), severe (,50% to $30% predicted), or very severe (,30% predicted), according to GOLD 2016 post-bronchodilator FEV 1 grading criteria. 6 
Study variables
In the studies included in this post hoc analysis, exacerbations were defined as worsening of COPD leading to oral corticosteroids, alone or in combination with antibiotics, and/or hospitalization/emergency room visits. Exacerbations leading to antibiotics alone from two studies 9, 12 were excluded from the analysis in order to achieve a common definition of exacerbations. The number of patients who dropped out from the studies (for any reason, including exacerbations) was also recorded. Lung function was recorded as pre-dose FEV 1 (L) at study visits (at weeks 1, 6, and 12 10 or at months 1, 2, and 3 9, 12 ), and daily morning PEF (L/min) was collected from electronic diaries 10 or diary cards 9,12 of the patients. Reliever medication use (inhalations/day) and symptoms of dyspnea, cough, chest tightness, and night time awakenings (assessed on a 5-point scale; 0-4, where 4= severe symptoms) were also recorded in patient diaries and collected at clinic visits.
statistical methods
Patient demographics and baseline characteristics are presented descriptively. All variables were analyzed by disease severity and treatment. The 3-month rates of exacerbations were assessed using Poisson regression analysis, with study and treatment as factors, and the number of days in the study as an offset variable. Over-dispersion was assessed in each model by calculating the ratio of the model deviance to its number of degrees of freedom. These analyses utilized only actual recorded data and did not impute for missing data. The rate (and rate ratios [RR]) of exacerbations within 3 months and corresponding 95% confidence intervals (CIs) were presented. Percentage reductions in exacerbation rates with B/F versus placebo were also presented, which were derived from the rate ratio. The number of patients with at least one exacerbation and dropouts were presented descriptively. Subsequent analyses included change from baseline in FEV 1 (L), morning PEF (L/min), reliever use (inhalations/day), and total symptom scores and were analyzed using analysis of covariance to estimate the treatment differences between B/F and placebo by COPD severity group. Least squared means and differences in least squared means with corresponding 95% CIs were presented.
sensitivity analyses
In addition to the 3-month analyses, the same statistical methods were applied at 12 months using data from the two 12-month studies. 9, 12 International Journal of COPD 2017:12 submit your manuscript | www.dovepress.com
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Results
Patient demographics and clinical characteristics
In total, 1,571 patients who received B/F or placebo were identified. Patient flow through the three studies and inclusion in this analysis is shown in Figure 1 . Of these, 654 were from the CLIMB study 10 and received background tiotropium. Six patients with missing FEV 1 data and six patients with post-bronchodilator FEV 1 .80% predicted were excluded from all analyses. The mean age of patients was 63.7 years, and 76.6% were male. COPD severity was moderate in 377 (24.0%), severe in 962 (61.2%), and very severe in 232 (14.8%) patients, according to GOLD 2016 criteria. 6 Patient demographics and baseline clinical characteristics, by treatment and COPD severity, are summarized in Table 1 . Lung function reversibility (% predicted) was higher in those with moderate COPD (10.4%-11.3%) than in those with severe and very severe COPD (4.1% and 2.5%, respectively, Table 1 ). Baseline characteristics for the 917 patients included in the 12-month sensitivity analysis are summarized in Table S1 , and the characteristics by study of all the patients are summarized in Table S2 (Figure 2 ). There were more patients without exacerbations in the B/F than placebo group (85.8% vs 75.0%), and the proportion of patients with 1, 2, or $3 exacerbations was reduced in B/F-treated patients ( Figure S1 ).
At 12 months, 168 (36.8%) B/F-treated patients and 195 (43.0%) patients in the placebo group had experienced at least one exacerbation (Table 3 ). B/F was associated with significantly lower exacerbation rates compared with placebo in patients with moderate (reduction: 43%; RR: 0.57; P=0.001) and severe (reduction: 38%; RR: 0.62; P,0.0001) COPD, although rate reductions were not statistically significant in patients with very severe COPD (reduction: 7%; RR: 0.93; P=0.674, Figure 3 ).
Dropouts
Overall, 215 (13.7%) and 320 (35.2%) patients dropped out of the combined 3-month and 12-month study populations, respectively. There were fewer dropouts with B/F than placebo at 3 months (n=81 [10.4%] Table 3 ). In general, the proportion of dropouts increased with increasing disease severity for both treatments at 3 and 12 months; fewer patients who received B/F than placebo dropped out in all three COPD severity groups (Tables 2 and 3 B/F also demonstrated a greater effect on morning PEF than placebo ( Figure 4B ). Changes in morning PEF (L/min) after 3 months treatment with B/F were 15.1 (95% CI 10.6, 19.5), 7.6 (95% CI 4.9, 10.2), and 11.1 (95% CI 6.9, 15.4) in moderate, severe, and very severe COPD, respectively. Corresponding values for placebo were -4.3 (95% CI -9.0, 0.3), -6.8 (95% CI -9.4, -4.2), and 1.1 (95% CI -3.2, 5.4). The improvement with B/F versus placebo was greater in patients with moderate and severe COPD than very severe disease. B/F-treated patients reported significantly less reliever use than patients in the placebo group, irrespective of COPD severity (all P,0.0001, Figure 4C ). The change from baseline in total reliever use (inhalations/day) after 3 months treatment with B/F versus placebo was -0.66 (95% CI -0.94, -0.38), -0.77 (95% CI -0.99, -0.55), and -1.50 (95% CI -2.03, -0.97) in moderate, severe, and very severe COPD, respectively. The cohort of patients with very severe COPD, who experienced the greatest improvement relative to placebo, had the highest reliever use at baseline (4.00 and 5.07 inhalations/day in the B/F and placebo arms, respectively).
Compared with placebo, B/F was also associated with a statistically significant improvement from baseline in the 
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Calverley et al Abbreviations: AE, adverse event; B/F, budesonide/formoterol; COPD, chronic obstructive pulmonary disease; EAS, efficacy analysis set for pooled analysis; FAS, full analysis set for pooled analysis; PBO, placebo; PN, predicted normal.
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Early efficacy of ICS/LABA in COPD total symptom score, irrespective of COPD severity (all P,0.0001, Figure 4D ). The change from baseline in total symptom score after 3 months treatment with B/F was -1. safety Pooled analysis of adverse events (AEs) and serious AEs across the three studies found no difference between B/F and placebo after 3 and 12 months treatment, while the number of discontinuations due to an AE was lower in B/F-treated than placebo-treated patients at both 3 months (5.8% vs 11.5%) and 12 months (17.5% vs 25.8%) (Tables S3 and S4 , respectively). Ten patients in each treatment group (2.2%) had a fatal AE. Pooled analysis of the most frequently reported AEs in each treatment group after 3 and 12 months treatment are summarized in Tables S5 and S6 . At 3 months, the most frequently reported AEs were COPD (7.1% B/F vs 13.0% placebo), nasopharyngitis (3.8% vs 3.3%), and headache (1.5% vs 0.9%).
Discussion
Previous analyses have shown that ICS/LABA combinations produce improvements in a range of clinical outcomes versus placebo, including prolonged time to first exacerbation, improved lung function, and improved health-related quality of life. 9, [12] [13] [14] These improved outcomes are greater with ICS/LABA combinations than with either agent alone 10 and VC in two studies.
9,12
Moderate COPD was defined as post-bronchodilator FEV The 3-month data set includes 3-month data from the two 12-month studies 9, 12 as well as that from the 3-month study. 10 ITT population includes only patients analyzed for exacerbations (n=1,564). Moderate COPD was defined as postbronchodilator FEV 1 80%-50% predicted, severe COPD as post-bronchodilator FEV 1 50%-30% predicted, and very severe COPD as post-bronchodilator FEV 1 ,30% predicted. Abbreviations: B/F, budesonide/formoterol; COPD, chronic obstructive pulmonary disease; FeV 1 , forced expiratory volume in 1 s.
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Calverley et al at 12 months. ICS/LABA combinations can be used either as a primary treatment 9, [12] [13] [14] [15] or in addition to therapy with a long-acting antimuscarinic agent in the management of severe COPD. 10 However, the early effects (within the first 3 months) of ICS/LABA following treatment initiation are less well understood. This study investigated the early effects of this combination compared with placebo when used either alone 9, 12 or in addition to tiotropium 10 in different COPD severities. Of clinical relevance, the beneficial effects of B/F compared with placebo on exacerbations were evident within 3 months of treatment and were paralleled by improved lung function, reduced need for reliever use, and fewer symptoms compared with placebo, irrespective of the severity of COPD. The beneficial effects of B/F on exacerbation rate, lung function, symptoms, and health-related quality of life have been reported previously in comparison with both budesonide and formoterol alone. 9, 12 In the three studies included in the analysis, 9,10,12 exacerbation rate was assessed in patients with COPD who would fall within grades B, C, and D of the new GOLD classification. 6 Conventionally, exacerbations are defined by health care utilization and are reported over 1 year, which increases the number of events and, hence, the statistical power to detect any difference between treatments. This analysis focused on the first 3 months of treatment, thus reducing the total number of exacerbation events. Despite this, one-quarter of those randomized to placebo reported at least one event, and this was significantly more than that seen with combination treatment. Although more patients dropped out in the placebo arm than in the active treatment group, our analyses still had sufficient power to detect treatment-related differences, not only for exacerbation rates, but in lung function improvement, reliever use, and self-reported symptoms.
A consistent reduction in the exacerbation rate over the first 3 months of treatment was observed in patients with spirometrically defined moderate or severe disease. Although there were proportionally more exacerbations in patients with very severe disease, more patients in this group dropped out, which may explain the lack of treatment effect observed. The effect of differential withdrawal on treatment effect has been described previously 16 and merits further study. Abbreviations: B/F, budesonide/formoterol; COPD, chronic obstructive pulmonary disease; FEV 1 , forced expiratory volume in 1 s. 
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The analyses were well powered to detect the effects of treatment on spirometry, confirming 1-year spirometry findings in the studied trials 9, 10, 12 and agreeing with results of other studies; [13] [14] [15] in addition, the analyses showed a treatment effect 3 months after randomization. These data were supported by the PEF recordings from the daily diary cards, which confirmed earlier reports of a treatment effect being evident within 1 week of randomization. 9 Statistically significant, although generally smaller, changes in lung function were seen as baseline FEV 1 worsened. This accords with observations of the acute bronchodilator effects in COPD, with smaller relative and absolute increases in FEV 1 as GOLD severity increases. 17 This smaller response is likely to reflect the increased prevalence of tidal expiratory flow limitation in more severe COPD 18 and points toward the importance of lung volume change, rather than spirometry in these circumstances. Although the absolute changes in lung function in our data were small, the improvements in terms of rescue medication and their relationship to improved symptom scores were, if anything, greater in patients with worse baseline spirometry. This is important as we have shown that increased use of reliever medication is a marker for exacerbation risk. 19 The presence of a statistically significant change in all these outcomes suggests that, for a significant number of individuals, combination therapy offers worthwhile improvements within 3 months of commencement across a range of clinically relevant measures.
This post hoc analysis has focused on changes in efficacy measures at 3 months after initiation of treatment. The effects of combination therapy across a range of safety and tolerability measures have been previously reported in the original publications. 9, 10, 12 In this pooled safety analysis, the observed rates of AEs, serious AEs, and deaths due to AEs were similar in the B/F group to that observed in the placebo group, consistent with the original individual studies, 9, 10, 12 while discontinuations due to AEs occurred less frequently in patients treated with B/F than those receiving placebo. Prior to the analysis, it was determined that when separated out and analyzed by disease severity, the number of individual types of events such as pneumonia would be too small for meaningful interpretation.
This study data have strengths and limitations. The study reports data from a large number of patients, covering a range of spirometric severity, and includes comparisons with placebo. Reductions in 3-month exacerbation rates have previously been reported in prospective studies and were 62% for B/F plus tiotropium versus tiotropium plus placebo 10 and 36% for B/F versus formoterol. 20 Although the current analysis was post hoc in terms of the primary study outcomes, it adds to the literature, as investigating the effect of an ICS/LABA combination at 3 months in different disease severities is novel. In one study that had been included in the analysis, all patients used tiotropium as a maintenance bronchodilator, and the lower exacerbation rates reported here at 3 months may reflect this. 10 However, the behavior of patients in this study did not differ from those in the other two studies in which the baseline exacerbation rate was higher in the placebo arm. 9, 12 In addition, data were not available on prior exacerbation history or Medical Research Council breathlessness score to use in the analysis by the current GOLD grouping.
This study considered only exacerbations that led to the use of oral corticosteroids (alone or in combination with antibiotics) and/or hospitalization or emergency room visits, a definition currently supported by the GOLD initiative and others. This could, however, identify a more steroid-responsive exacerbation type. Pooled diary card symptom scores could identify treatment effects 21 but unlike more recent tools, 22,23 they were not validated to identify exacerbations that did not require medical treatment. If we had been able to use this approach, it is likely that the number of events being identified would have been greater. Evidence from other studies suggests that the trend of such events would have been similar to those where patients had sought increases in treatment, 24 and hence, these additional episodes might have allowed to draw the same conclusion with fewer patients.
Limitations
Other limitations include the number of patients who dropped out from the study, by both 3 and 12 months. This may have affected the accuracy of the results, including exacerbation rates. High dropout rates can confound the interpretation of randomized controlled trials and can be a common feature in trials involving patients with COPD, with some analyses reporting 27%-53% dropout. 25 In addition, the moderate group in our analysis had airway reversibility of 10%-11% (% predicted). It is now recognized that COPD patients with moderate airflow obstruction show a greater absolute change in FEV 1 post-bronchodilator than that seen in more severe disease. 26 This contributes to the greater degree of reversibility reported in analyses of moderate patients in clinical trials similar to this study. The entry criteria for the three studies included in this analysis are consistent with those of other clinical trials in the area and did not select patients on the basis of known reversibility to bronchodilators.
These data have implications for the use and evaluation of treatment in COPD. It was found that a measurable effect on COPD exacerbations (defined by symptoms necessitating 
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Early efficacy of ICS/LABA in COPD the addition of, or treatment with, oral or systemic corticosteroids) occurred within 3 months of randomization to the ICS/LABA combination in COPD patients who had experienced at least one exacerbation in the past year. This positive effect on exacerbation frequencies was paralleled by improved lung function, lower use of reliever medication, and fewer symptoms. Whether these changes in objective patient-reported outcomes can be used to predict a further course of events remains to be established at an individual patient level. However, they should reassure clinicians that treatment is effective across a range of endpoints, including exacerbation prevention, soon after initiation.
Conclusions
In conclusion, data from this study show that treatment with an ICS/LABA combination has important clinical impact irrespective of disease severity; these effects are evident within 3 months after the initiation of treatment.
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